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Introduction 50
Comprehensive two-dimensional gas chromatography (GC×GC) coupled with Mass Spectrometry 51 (MS) is one of the most powerful analytical platforms now available for the detailed analysis (identification 52 and quantitation) of medium-to-high complexity samples. Compared to one-dimensional systems, it offers 53 remarkable separation power and unmatched peak capacity [1, 2] ; the possibility of applying different 54 separation mechanisms in the two chromatographic dimensions produces rationalized 2D patterns, suitable 55 as sample fingerprints for classification and identification purposes [3] . 56
The most common GC×GC column sets consist of a long, conventional-inner-diameter first dimension ( seconds, both minimizing wrap-around phenomena and contributing to the high efficiency of the system. 60
However, when thermal modulation is used, since the columns of a set are coupled in series, a flow 61 mismatch occurs between the two dimensions; this makes it impossible to operate simultaneously at 62 optimized flow conditions. In addition, short narrow-bore capillaries can easily overload, because of their 63 lower loadability, limiting 2 D separation effectiveness [4, 5] . The configuration and optimization of a GC×GC 64 set-up is thus a crucial, but also a complex step, since separation in the two dimensions is differently 65 influenced in the two separation dimensions by carrier gas flow, temperature, and modulation period. With 66 regard to the flow regime, in their earlier publications Phillips et al [6, 7] indicated a possible way of 67 optimizing carrier gas flow by splitting part of the flow from 1 D to waste, prior to modulation. They adopted 68 a Tee union to connect the two analytical columns, and a short capillary segment enabling the diversion of 69 about 30% of the primary column flow to waste, thus applying flows closer to the optimal in both 70 dimensions, and reducing overloading of the essential oil and 1µL of the n-HydStd1 and FFSTd2 model mixtures at 100 mg/L. The oven temperature was 156 programmed as follows: 50°C (1 min) to 270°C at 3.0°C/min and to 290°C at 10°C/min (10 min). 157
Flow/pressure optimization was checked on a standard solution of tridecane, tetradecane and pentadecane 158 (n-C13 to n-C15) at 100 mg/L analyzed in isothermal conditions at 150°C. Head-pressure values are 159 reported in Table 1 . Column set configurations are listed in where r is the column radius,  the dynamic viscosity of the carrier gas at a given temperature, L is the Table 1 ). 226
Differences in secondary column length were expected to condition the separation in terms of absolute 227 retention and peak-widths. However, the resulting 2D patterns were expected to be consistent, although For instance, the calculated α-thujone half-height peak width in the FFStd2 model mixture at 100 mg/L, was 334 120 ms (see Table 2 ). In A. umbelliformis essential oil, α-and β-thujones are the two most abundant peaks, 335 each with a peak width of 480 ms, that dramatically overloads the However, the potential of dual detection can concretely be perceived with real-world samples (e.g. A. 360 umbelliformis essential oil). In these applications, the consistency of acquired MS spectra is fundamental 361 since identification is mainly based on commercial spectral libraries. Table 3 Parallel dual detection thus seems to be very promising for reliable and simple qualitative component 388 identification, and to quantitate markers of complex samples of natural origin. 389
The advantages of using a dual-secondary-column dual-detection system in an integrated platform for 392 GC×GC have been discussed, and some practical aspects concerning the tuning of experimental conditions 393 to obtain consistent separation patterns from both dimensions have been addressed. These systems can 394 operate at close-to-optimal 2 D linear velocities, and double the secondary column loading capacity, with 395 positive effects on overall system orthogonality and resolution. 396
Experimental data also indicate that the GC×2GC-MS/FID system provides consistent results, both in terms 397 of analyte identification (reliability of spectra and MS matching) and quantitation, also affording internal 398 cross-validation of quantitation accuracy. 399
The choice of different setups, in terms of Table 3 Set 
